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1
DATA PROCESSING DEVICE AND DATA
PROCESSING METHOD

TECHNICAL FIELD

The present disclosure relates to a data processing device
and a data processing method for calculating the number of
redundant packets to be added to data packets of video data.

BACKGROUND ART

In an IP-based real-time communication system, such as
a TV conference system, full high-definition (Full HD)
video transmission is already possible. In an IP network
environment, a packet loss of about several percent occurs.
Accordingly, video or audio quality is ensured using a
retransmission (Automatic Repeat reQuest: ARQ) or packet
loss correction (Forward Error Correction (FEC)) function.
In the case of a real-time video transmission system, the
ARQ is effective in the environment where the Round Trip
Time (RTT) is short, and the FEC is effective in the
environment where the RTT is long or the environment
where the packet loss rate is high.

In recent years, a video transmission system in a mobile
environment has appeared with an increase in the speed of
wireless channels, such as WiMAX or Long Term Evolution
(LTE). Since a phenomenon such as handover or changes in
the wireless environment due to the movement of a terminal
occurs frequently in a wireless environment, the packet loss
rate or the RTT tends to be worse than that in a wired
environment. Accordingly, the FEC is suitable as a method
of ensuring the video or audio quality in the mobile envi-
ronment. In the FEC, redundant packets (hereinafter, also
referred to as “parity”) are generated from data packets of a
video or audio, and are transmitted on a network together
with the data packets. In a wireless environment where the
transmission bandwidth is limited, however, the transmis-
sion bandwidth of data packets is compressed due to the
overhead of redundant packets, and this may have an
adverse effect on the video or audio quality. Therefore,
system design to ensure a certain degree of quality while
reducing the amount of redundancy is required.

Patent Literature 1 discloses a transmission-side configu-
ration in a video transmission system. FIG. 17 is a block
diagram showing configuration examples of a transmission
apparatus and a reception apparatus that configure a com-
munication system disclosed in Patent Literature 1. A rate
control unit 501 provided in a transmission apparatus 500
determines the total transmission rate from network infor-
mation (packet loss rate, RT'T, and the like) notified from an
RTCP unit 211, and notifies a redundancy determination unit
503 of the result. In addition, the RTCP unit 211 notifies the
ARQ unit 210 of NACK information from a reception
apparatus 300. The redundancy determination unit 503 cal-
culates an adjustment rate, which can be used in the actual
data transmission, from the total transmission rate notified
from the rate control unit 501 and the retransmission data
size notified from the ARQ unit 210, and notifies an encoder
202 of the result. In addition, the redundancy determination
unit 503 determines the number of redundant packets using
a redundancy table shown in FIG. 18 that is configured to
contain the RTT and an adjustment rate obtained by sub-
tracting the retransmission data rate from the total transmis-
sion rate, and notifies an FEC encoder 205 of the result.
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Patent Literature
Patent Literature 1: Japanese Patent No. 4513725
SUMMARY OF INVENTION
Technical Problem

In Patent Literature 1 described above, when determining
the number of redundant packets using the redundancy table
shown in FIG. 18, the adjustment rate obtained by subtract-
ing the retransmission data rate from the total transmission
rate is used as a parameter. As shown in FIG. 19, the
adjustment rate is a rate including the data rate of redundant
packets by the FEC (hereinafter, referred to as “FEC rate”).
According to the redundancy table shown in FIG. 18, for
example, the number of redundant packets when the adjust-
ment rate (=total transmission rate-retransmission data rate)
is 2 Mbps is set to 0 to 7 depending on the RTT. Therefore,
the maximum value of the number of redundant packets
added when retransmission is not taken into consideration is
7. Assuming that the packet size of a typical network is 1200
bytes, the number of packets that is transmittable when the
total transmission rate is 2 Mbps is 208 packets. In addition,
the number of redundant packets by the FEC is also included
in the number of packets that is transmittable.

When transmitting the video data, the encoding unit of the
FEC is a frame of the video. Therefore, as shown in FIG. 20,
the ratio of the FEC rate to the total transmission rate
increases as the frame rate increases. For example, if the
frame rate is 20 fps, the number of redundant packets is 140
packets (=7x20 frames), and the FEC rate of the total
transmission rate exceeds 60%. In addition, if the frame rate
is 30 fps, the number of redundant packets is 210 packets
(=7x30 frames), and the FEC rate of the total transmission
rate exceeds 100%.

Thus, in the above-described method of calculating the
number of redundant packets, the FEC rate is not taken into
consideration in the adjustment rate notified to the encoder
202. For this reason, when transmitting video data, it is not
possible to transmit the data body related to the video
content as the frame rate of the video increases.

In addition, since the encoding unit of the FEC is a frame
as described above, it is possible to calculate the FEC rate
from the number of redundant packets and the frame rate.
The FEC encoder 205 generates redundant packets corre-
sponding to the FEC rate, and gives the redundant packets
to each frame of the video.

The encoder 202 encodes the video data to generate a
frame using intra-frame encoding (I frame) and a frame
using inter-frame predictive encoding (P frame). As for the
number of frames included in one second, for example,
several I frames are included in one second while several
tens of P frames are included in one second. That is, the
number of P frames included in one second is larger than the
number of I frames included in one second. In addition, for
the number of packets required to express one frame, the
number of I frames is larger than the number of P frames.

Accordingly, when the FEC encoder 205 gives redundant
packets corresponding to the FEC rate to each frame of the
video data, the same number of redundant packets are given
to each frame of the video regardless of the type of the
frame, as shown in FIG. 21. However, since the number of
packets of the I frame is larger than the number of packets
of the P frame as described above, the balance of the number
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of packets that form one frame and the number of redundant
packets given to the frame becomes different between I and
P frames. As a result, the packet loss tolerance of the I frame
during the transmission is reduced, and the reproduction
quality of transmitted video data on the receiving side is
degraded.

The condition can be improved by increasing the FEC rate
if the frame rate of the video is low. However, when the
frame rate is high, it is preferable to suppress the FEC rate
as much as possible as shown in FIG. 20. Accordingly, it is
not preferable to increase the FEC rate.

It is an object of the present disclosure to provide a data
processing device and a data processing method capable of
improving the reproduction quality of video data on a
receiving side in a packet loss environment while suppress-
ing the data rate of redundant packets of the transmission
rate even if the frame rate of the video is high.

Solution to Problem

The present disclosure provides a data processing device
for processing video data transmitted through a wireless
network, the data processing device including: a bandwidth
estimator, configured to estimate a transmission rate of the
wireless network; a frame composition ratio obtaining unit,
configured to obtain a frame composition ratio that indicates
a ratio between | frames using intra-frame encoding and P
frames using inter-frame predictive encoding, the I and P
frames forming a video; a temporary redundant packet rate
calculator, configured to calculate a number of temporary
redundant packets based on the frame composition ratio and
the transmission rate estimated by the bandwidth estimator
and to calculate a temporary redundant packet rate from the
transmission rate and the number of temporary redundant
packets; an encoding rate calculator, configured to calculate
an encoding rate for encoding the video data from the
transmission rate and the temporary redundant packet rate;
a video data processor, configured to encode the video data
at the encoding rate and packetize the encoded video data;
and a redundant encoding processor, configured to calculate
a number of redundant packets to be added to each frame,
which is obtained as a result of processing in the video data
processor, and to add redundant packets to each frame,
wherein the redundant packets are obtained by performing
redundant encoding processing on data packets of the
encoded video data.

The present disclosure also provides a data processing
method for processing video data transmitted through a
wireless network, the data processing method including; a
bandwidth estimation step of estimating a transmission rate
of the wireless network; a frame composition ratio obtaining
step of obtaining a frame composition ratio that indicates a
ratio between | frames using intra-frame encoding and P
frames using inter-frame predictive encoding, the I and P
frames forming a video; a temporary redundant packet rate
calculation step of calculating a number of temporary redun-
dant packets based on the frame composition ratio and the
transmission rate estimated in the bandwidth estimation step
and calculating a temporary redundant packet rate from the
transmission rate and the number of temporary redundant
packets; an encoding rate calculation step of calculating an
encoding rate for encoding the video data from the trans-
mission rate and the temporary redundant packet rate; a
video data processing step of encoding the video data at the
encoding rate and packetizing the encoded video data; and
a redundant encoding processing step of calculating a num-
ber of redundant packets to be added to each frame, which
is obtained as a result of the processing in the video data
processing step, and adding redundant packets to each
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frame, wherein the redundant packets are obtained by per-
forming redundant encoding processing on data packets of
the encoded video data.

Advantageous Effects of Invention

According to the data processing device and the data
processing method according to the present disclosure, it is
possible to improve the reproduction quality of video data
on the receiving side in a packet loss environment while
suppressing the data rate of redundant packets of the trans-
mission rate even if the frame rate of the video is high.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing an operation of each terminal
in a video transmission system according to an embodiment
in which video data is transmitted from a transmission side
terminal to a reception side terminal through a wireless
network.

FIG. 2 is a diagram for explaining a method of calculating
the number of redundant packets by a transmission terminal.

FIG. 3 is a diagram for explaining a method of calculating
the number of redundant packets by the transmission termi-
nal.

FIG. 4 is a diagram for explaining a method of calculating
the number of redundant packets by the transmission termi-
nal.

FIG. 5 is a block diagram showing the configuration of a
transmission terminal of the first embodiment.

FIG. 6 is a block diagram showing the internal configu-
ration of a retransmission/FEC unit 109 provided in the
transmission terminal of the first embodiment.

FIG. 7 is a diagram showing an example of a number-
of-redundant packets calculation table.

FIG. 8 is a diagram showing how to generate redundant
packets from data packets.

FIG. 9 is a block diagram showing the configuration of a
reception terminal of the first embodiment.

FIG. 10 is a flow chart showing the operation of a packet
loss recovery unit 159 provided in the reception terminal.

FIG. 11 is a block diagram showing the internal configu-
ration of a transmission terminal of a second embodiment.

FIG. 12 is a block diagram showing the internal configu-
ration of a retransmission/FEC unit 209 provided in the
transmission terminal of the second embodiment.

FIG. 13 is a flow chart when determining the modified
predicted number of data packets output from a prediction
result comparator 201 provided in the retransmission/FEC
unit 209 of the transmission terminal of the second embodi-
ment.

FIG. 14 is a block diagram showing the internal configu-
ration of a transmission terminal of a third embodiment.

FIG. 15 is a block diagram showing the internal configu-
ration of an encoder 305 provided in the transmission
terminal of the third embodiment.

FIG. 16 is a block diagram showing the internal configu-
ration of a retransmission/FEC unit 309 provided in the
transmission terminal of the third embodiment.

FIG. 17 is a block diagram showing an example of the
configuration of a transmission apparatus and a reception
apparatus that form a communication system disclosed in
Patent Literature 1.

FIG. 18 is a diagram showing an example of a redundancy
table disclosed in Patent Literature 1.

FIG. 19 is a diagram showing the relationship of the total
transmission rate, the adjustment rate, the retransmission
data rate, and the FEC rate.

FIG. 20 is a diagram showing the ratio of the FEC rate to
the total transmission rate for each frame rate of a video.



US 9,451,248 B2

5

FIG. 21 shows the addition of a redundant (FEC) packet
to a frame after encoding.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present disclosure will
be described with reference to the diagrams.

First Embodiment

FIG. 1 is a diagram showing the operation of each
terminal in a video transmission system according to an
embodiment in which video data is transmitted from a
transmission side terminal to a reception side terminal
through a wireless network. In addition, although the trans-
mission rate is a sum of the video rate and the audio rate in
the case of a normal video transmission system, only the
video rate will be described in the present embodiment.

The transmission side terminal (hereinafter, referred to as
a “transmission terminal”) encodes video data based on a
bandwidth-estimated network bandwidth (=encoding rate).
The transmission terminal packetizes the encoded video
data, and copies the packetized encoded video data to a
transmission buffer in preparation for retransmission. In
addition, the transmission terminal performs FEC encoding
of the packetized video data. Typically, the transmission
terminal transmits an FEC packet and a data packet of the
video data on the network as video packets. In addition,
when there is a retransmission request from the receiving
side, the transmission terminal transmits data packets stored
in the transmission buffer instead of transmitting new data
packets.

Bandwidth estimation for obtaining the encoding rate is
performed based on feedback packet information, such as
the RTT and the packet loss rate. However, since no feed-
back packet is present at the time of first transmission, the
transmission terminal performs initial bandwidth estimation.
In addition, at the time of bandwidth estimation, a rate
excluding the FEC rate of the FEC packet is obtained as the
encoding rate.

After receiving the video packets, the reception side
terminal (hereinafter, referred to as a “reception terminal™)
performs reception processing to extract the data packets
and calculate the RTT from the transmission time written in
the header portion. When a packet loss is detected in the
received packets, the reception terminal calculates the
packet loss rate, performs retransmission determination
from the RTT and the packet loss rate, and sends notification
of the retransmission determination result. When the RTT is
so large that retransmission is not possible, the reception
terminal recovers the lost packet by performing FEC decod-
ing as packet loss recovery processing and then decodes the
encoded video data and outputs the decoded video data.

On the other hand, when retransmission is possible, the
reception terminal sends a retransmission request to the
transmission terminal. In order that the transmission termi-
nal performs bandwidth estimation or FEC encoding, the
packet loss information or the RTT calculated by the recep-
tion terminal is notified to the transmission terminal as a
feedback packet. However, when the reception terminal
sends a retransmission request to the transmission terminal,
the retransmission request is also included in the feedback
packet. If there is no packet loss in the received packets
when the reception terminal receives retransmission packets,
the reception terminal decodes the encoded video data and
outputs the video data.

Next, a method of calculating the number of redundant
packets by the transmission terminal will be described with
reference to FIGS. 2 to 4.
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First, the transmission terminal estimates a transmission
rate indicating the available network bandwidth per video
encoding period. In the example shown in FIG. 2, the
network transmission rate is estimated to be 2 Mbps. Then,
the transmission terminal predicts the frame composition
ratio of the I frame using intra-frame encoding and the P
frame using inter-frame predictive encoding based on the
estimated transmission rate and the frame rate of the video.

The frame composition ratio can be calculated by pre-
dicting the respective number of packets that form I and P
frames. In the example shown in FIG. 2, when the data size
of'1 packet is set to 1200 bytes=9.6 kbits, it is shown that the
number of packets that is transmittable per second when the
estimated transmission rate is 2 Mbps is 208 packets. The
frame rate is assumed to be 30 fps. That is, the number of
frames per second is 30. In this case, the transmission
terminal can calculate the predicted value of the total
number of packets of each of the I and P frames by
predicting the number of packets (in FIG. 2, 5 packets) per
P frame and the number of I frames (in FIG. 2, 2 frames) per
second. In addition, the transmission terminal can also
calculate the predicted value (in FIG. 2, 34 frames) of the
number of packets per I frame. A method of predicting the
number of packets per P frame and the number of 1 frames
per second will be described later.

Then, the transmission terminal calculates the number of
temporary redundant packets, as shown in FIG. 3. That is,
for the number of data packets of each frame, the transmis-
sion terminal calculates the number of temporary redundant
packets of each frame from the theoretical expression of the
FEC method so as to be equal to or less than the packet loss
or the frame loss corresponding to the desired video quality.
The theoretical expression of the FEC method will be
described later.

Then, the transmission terminal calculates the predicted
FEC rate from the number of packets and the number of
temporary redundant packets corresponding to the estimated
transmission rate. In the example shown in FIG. 3, 0.63
Mbps obtained by multiplying the estimated transmission
rate 2 Mbps by the ratio (=96/(208+96)) of the number of
temporary redundant packets 96 to the total number of
packets 304 (=208+496) of the number of packets 208 and the
number of temporary redundant packets 96 (=6x2+3x28)
corresponding to the estimated transmission rate 2 Mbps is
calculated as the predicted FEC rate.

Then, the transmission terminal calculates the encoding
rate from the estimated transmission rate and the predicted
FEC rate, and encodes the video data. In addition, in the
example shown in FIG. 3, 1.37 Mbps obtained by subtract-
ing the predicted FEC rate 0.63 Mbps from the estimated
transmission rate 2 Mbps is the encoding rate of the video
data. The total number of packets corresponding to the
encoding rate 1.37 Mbps is 143 packets, and the number of
packets near the encoding rate is output as a result of
encoding of the video data in the transmission terminal. In
the example shown in FIG. 4, a frame structure in which the
number of I frames is 2 and the number of P frames is 28 is
shown. Among 143 packets, 59 packets are generated for the
I frame and the remaining 84 packets are generated for the
P frame.

Finally, the transmission terminal calculates the number
of redundant packets of each frame for the number of data
packets of each frame from the theoretical expression of the
FEC method and adds the redundant packets to the data
packet of the video data. In addition, a method of calculating
the number of redundant packets is the same as the method
of calculating the number of temporary redundant packets
shown in FIG. 3. In the example shown in FIG. 4, since 68
(=6x2+2x28) redundant packets are generated and the
encoding rate of the video data is 1.37 Mbps, the FEC rate
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is 0.66 Mbps. Accordingly, since the actual transmission rate
that is a sum of the encoding rate and the FEC rate are 2.03
Mbps, the actual transmission rate almost meets the esti-
mated transmission rate 2 Mbps.

According to the method described above, since the video
data is encoded at the encoding rate calculated after pre-
dicting the FEC rate of the transmission rate, an appropriate
number of redundant packets corresponding to the video
frame structure (the number of data packets of each of the I
and P frames) are added. For this reason, even if the frame
rate of a video is high, the bandwidth of the video data is
ensured while suppressing the data rate of redundant pack-
ets. As a result, it is possible to improve the reproduction
quality of video data on the receiving side in a packet loss
environment, such as the transmission of video data through
the wireless communication network.

FIG. 5 is a block diagram showing the configuration of the
transmission terminal according to the first embodiment. In
addition, symbols (1) to (6) in FIG. 5 indicate the number of
each operation shown in FIGS. 2 to 4. As shown in FIG. 5,
the transmission terminal includes an RTCP receiver 101, a
bandwidth estimator 103, an encoder 105, a packetizer 107,
a retransmission/FEC unit 109, and an RTP transmitter 111.

The RTCP receiver 101 receives the feedback packet
transmitted from the reception terminal, and extracts infor-
mation related to the packet loss rate of the network, RTT,
and a retransmission request. The information related to the
packet loss rate, RTT, and the retransmission request is input
to the bandwidth estimator 103 and the retransmission/FEC
unit 109.

The bandwidth estimator 103 inputs a network bandwidth
estimated from the packet loss rate and the RTT, as estimated
transmission rate information, to the retransmission/FEC
unit 109. In addition, the retransmission rate and the pre-
dicted FEC rate are received from the retransmission/FEC
unit 109, and a rate obtained by subtracting the retransmis-
sion rate and the predicted FEC rate from the estimated
transmission rate is input to the encoder 105.

The encoder 105 performs video data encoding process-
ing. Specifically, the encoder 105 performs compression
encoding of the video data according to the encoding rate
notified from the bandwidth estimator 103 using an encod-
ing method, such as h.264, and encoded data of the video
expressed by the I and P frames is input to the packetizer
107. In addition, the encoder 105 inputs the frame rate
information of the video to the retransmission/FEC unit 109.

The packetizer 107 packetizes the encoded data, which is
input from the encoder 105, in a specified packet size, and
inputs the result to the retransmission/FEC unit 109 as data
packets of the video data. In this case, the packetizer 107
also notifies the retransmission/FEC unit 109 of the number
of data packets of each frame.

When there is a retransmission request from the reception
terminal, the retransmission/FEC unit 109 outputs the stored
retransmission data to the RTP transmitter 111. When there
is no retransmission request, the retransmission/FEC unit
109 determines whether to perform only retransmission,
perform both retransmission and FEC, or perform only the
FEC, as packet loss recovery means, based on the RTT.
When it is determined that only retransmission is performed,
the retransmission/FEC unit 109 stores the data packets in
the transmission buffer and also outputs the data packets to
the RTP transmitter 111. When it is determined that both
retransmission and FEC are performed or when it is deter-
mined that only the FEC is performed, the retransmission/
FEC unit 109 generates redundant packets the number of
which has been calculated from the packet loss rate and the
number of data packets of each frame, adds the generated
redundant packets to the data packets of the video data, and
inputs the result to the RTP transmitter 111 as encoded
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packets. In addition, when it is determined that both retrans-
mission and FEC are performed, the retransmission/FEC
unit 109 uses a packet loss rate after being recovered to some
extent by retransmission as the above-described packet loss
rate. In addition, the retransmission/FEC unit 109 calculates
the estimated transmission rate information input from the
bandwidth estimator 103, predicted FEC rate information
calculated from the frame rate information input from the
encoder 105, and retransmission rate information calculated
from the retransmission request, and inputs these pieces of
information to the bandwidth estimator 103.

The RTP transmitter 111 adds header information to the
input encoded packets or retransmission packets, and trans-
mits the result to the network as RTP packets.

Hereinafter, the retransmission/FEC unit 109 will be
described in detail with reference to FIG. 6. FIG. 6 is a block
diagram showing the internal configuration of the retrans-
mission/FEC unit 109 provided in the transmission terminal
of the first embodiment. As shown in FIG. 6, the retrans-
mission/FEC unit 109 includes a frame composition ratio
predictor 121, a number-of-redundant packets calculator
123, a predicted FEC rate calculator 125, an FEC encoder
127, and a retransmitter 129.

The frame composition ratio predictor 121 predicts the
frame composition ratio by calculating the predicted number
of data packets of each frame based on the estimated
transmission rate information from the bandwidth estimator
103 and the frame rate information of the video from the
encoder 105. The estimated transmission rate, the data size
of one packet, and the frame rate are assumed to be R
[Mbps], S [byte], and f; [fps], respectively. Assuming that
the predicted value of the number of I frames per video
encoding period is N, ... and the predicted value of the
number of packets per P frame is N, ;.. » the total number
of packets P, of the P frame is calculated from Expres-
sion (1).

acket

[Expression 1]

M

On the other hand, the total number of packets 1, ., of
the I frame is calculated from Expression (2) using the
estimated transmission rate R, the data size S of one packet,
and the total number of packets P, of the P frame
calculated in Expression (1).

P “packet =N, packet P’ (ﬁ?_NMame)

acket
[Expression 2]

R-10° 2)

Ipacker = ’VW“ - Ppacker

In addition, when the frame composition ratio predictor
121 calculates the total number of packets P, ., of the P
frame from Expression (1), the predicted value of the
number of 1 frames N, and the predicted value of the
number of packets per P frame N, ., » are determined.

Using the total number of packets P, ., of the P frame
and the total number of packets I, .., of the I frame as the
number of data packets of video data, the number-of-
redundant packets calculator 123 calculates the number of
redundant packets, which satisfies the packet loss rate cor-
responding to the desired video quality (packet loss rate after
FEC), as information of the number of redundant packets for
calculation. Taking the Reed-Solomon code as an example,
assuming that the packet loss rate before FEC is p, the
number of data packets is K, the number of redundant
packets is L, and the packet loss rate after FEC is P, the
packet loss rate P after the FEC is calculated from Expres-
sion (3).
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[Expression 3] [Expression 4]
1 K L (3) 1 K L “)
P= EZi-k c‘-(l—p)"*‘ZLcjpf(l—p)L’f 5 Ly, = argmi P—Ezi'k C;(l—p)’("ZLijf(l—p)L’f
- = 1=12,... - =
0 (L<i<K) 0 (L<i<K)
= =
L-i+]l (O<i=l) L-i+]l (O<i<l)

The number of redundant packets for calculation are
calculated by substituting the total number of packets
rate before FEC p are known information and the number of P, crer » Of the P frame and the total number of packets

. . 1 yorer Of the 1 frame into the number of data packets K in

data packets K is also input to the number-of-redundant ﬁ;f);ession (4). Since the optimal value L_,, of the number
. opr .

packets calculator 123, an optimal value L, of the number s of redundant packet.s for calculation changes if P ket and

of redundant packets satistying the desired video quality %“Ck‘fitstléi;)?éssgéeglscﬁdg}?g::sicolﬁ;l%g’l)tgzgpg?; 151\1/;11;15

from Expression (3) can be calculated from Expression (4). béfctjw.

Since the packet loss rate after FEC P and the packet loss 10

[Expression 5]

5 packet L (SI)

il = p)'pecter™ 3" L CipI(L - )

J=t

i
Lpacker 'pactet
1

Ppacker L (SP)
) 1 ) P ) .
Lopi (Ppacket) = Larjfszp— Procter P pacter Ci(1 - p)pocker™ LCip'1 - p
2o — =
p
, _{ 0 (L <i = Ipaoker OF Ppacker)
TlL-i+t (O<i=<D)

In the present embodiment, the number of redundant
packets is determined such that the FEC rate of the total

35 transmission rate is minimized. For this reason, the total
number of packets P,, .., of the P frame and the total
number of packets 1,,.,, of the I frame that are predicted
values are determined such that the optimal value L, , of the
number of redundant packets for calculation shown in

40 Expressions (51) and (5P) is minimized. The total number of
packets P, of the P frame and the total number of packets

L, et Of the I frame are values calculated from the predicted
value of the number of I frames per video encoding period
Nys.ume and the predicted value of the number of packets per

4 PframeN,, ., by Expressions (1)and (2). In other words,
the predicted value of the number of I frames N ..., and the
predicted value of the number of packets per P frame
N, orer p are determined such that the optimal value L, of
the number of redundant packets for calculation shown in

50 Expressions (51) and (5P) is minimized. From the above, an
optimal value Ny, ., of the predicted value of the
number of 1 frames Ny, and an optimal value

N, ucter p_ope OF the predicted value of the number of packets
per Pframe N, ., »can be calculated from Expression (6).

[Expression 6]

(lerame,opra Npacker,P,opr) = argmin |L0pr(1packet) + Lopt(Ppacket)l (6)
Niframe=L2 -
Npacker p=12-

=  argmin
Niframe=12-+-

Npacket_p=1:2----

R-10°
Lopt | Npacker P (fR = Niframe)

+ Lopt (N packer_p * (fR = Niframe)),




US 9,451,248 B2

11

The number-of-redundant packets calculator 123 calcu-
lates the optimal value of the number of redundant packets
of each frame satisfying the desired video quality from the
number of data packets and the packet loss rate. In addition,
in order to determine the number of temporary redundant
packets required for calculation of the predicted FEC rate,
the number-of-redundant packets calculator 123 returns the
number of redundant packets for calculation to the frame
composition ratio predictor 121 when the predicted number
of data packets is input.

First, a method of calculating the number of temporary
redundant packets will be described. Since the optimal
values P, r; op a0d 1, 1, ,, Of the predicted number of
data pacﬁets to minimize the FEC rate are calculated by the
frame composition ratio predictor 121, the number-of-re-
dundant packets calculator 123 can calculate the number of
temporary redundant packets by substituting the optimal
values into Expressions (5I) and (5P). Assuming that the
number of temporary redundant packets is L,,, ,.,,,, the
number of temporary redundant packets L,,, .., can be
calculated from Expression (7).

[Expression 7]

M

Then, the number-of-redundant packets calculator 123
calculates the number of redundant packets by substituting
each value into Expression (4) since the packet loss rate
before FEC p and the number of data packets K are input and
the packet loss rate after FEC P is also a value set according
to the desired video quality even though this is a method of
calculating the number of redundant packets. In addition,
when the packet loss rate at the time of retransmission is
input from the retransmitter 129, the packet loss rate at the
time of retransmission is used instead of the packet loss rate
before FEC p.

In addition, for the calculation of the number of redundant
packets, if the packet loss rate after FEC corresponding to
the video quality is a fixed value, it is also possible to
calculate the value of Expression (4) in advance and store it
as a number-of-redundant packets calculation table. In this
case, the number-of-redundant packets calculator 123 can
return the number of redundant packets with reference to the
number-of-redundant packets calculation table when the
number of data packets and the packet loss rate are input.
FIG. 7 shows an example of the number-of-redundant pack-
ets calculation table at the time of P=0.1% in Expression (4).

The predicted FEC rate calculator 125 calculates the
predicted FEC rate from the estimated transmission rate
information notified from the bandwidth estimator 103 and
the information of the temporary number of packets calcu-
lated by the number-of-redundant packets calculator 123.
The predicted FEC rate is summed with the retransmission
rate from the retransmitter 129, and the result is notified to
the bandwidth estimator 103 as retransmission/prediction
FEC rate information.

Assuming that the estimated transmission rate informa-
tion is R [Mbps], the data size of one packet is S [byte], and
the number of temporary redundant packets is L,,,, ,,,,,, the
predicted FEC rate Rz [Mbps] is calculated from Expres-
sion (8).

L s semp=L P pacter_opd Lpacker_ops)

[Expression 8]

Lopt_temp ®

R-106
8s

Reec =R

+ Lopt_temp

The FEC encoder 127 generates redundant packets from
data packets based on the data packets and the number of
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redundant packets calculated by the number-of-redundant
packets calculator 123, and outputs the redundant packets as
encoded packets together with the data packets. Assuming
that the number of data packets is K and the number of
redundant packets is L, (K+L, K) may be notified as an FEC
encoding parameter. FIG. 8 shows a state where redundant
packets are generated from data packets. As shown in FIG.
8, since it is not possible to encode data packets simultane-
ously, a redundant packet is generated by repeating process-
ing of one packet for each encoding unit. FIG. 8 shows a
state of encoding of the FEC parameter (6, 4).

When there is a retransmission request from the reception
terminal, the retransmitter 129 outputs data packets, which
are stored in a transmission buffer (not shown) in the
retransmitter 129, to the RTP transmitter 111 as retransmis-
sion data. In addition, the retransmitter 129 calculates and
outputs retransmission rate information from the amount of
retransmission data. In addition, the retransmitter 129 deter-
mines from the RTT whether or not to perform retransmis-
sion as packet loss recovery means, calculates a packet loss
rate at the time of retransmission when performing retrans-
mission, and outputs the packet loss rate at the time of
retransmission to the number-of-redundant packets calcula-
tor 123.

Assuming that the number of retransmissions is N, ,, the
reception allowable delay time is t,,,, [ms], and the RTT is
trrr [ms], the number of retransmissions N, is calculated
from Expression (9).

[Expression 9]
Ladm J ©

Narg = IJRTT

In addition, the reception allowable delay time t,,, is a
value set in advance by the system.

In addition, assuming that the packet loss rate at the time
of retransmission is p', the packet loss rate at the time of
retransmission p' is calculated from Expression (10) using
the number of retransmissions N, and the packet loss rate

p-

[Expression 10]

popen

In addition, since the retransmission rate needs to be
calculated in the same unit as a unit when calculating the
predicted FEC rate, the retransmission rate is calculated for
each video encoding period. Assuming that the retransmis-
sion rate is R 4z, [Mbps] and the number of packets that
matches the retransmission request is N, 1., 4zo» the data
rate of one packet for the data size of one packet S [byte] is
calculated from 8S/10° [Mbps], and the retransmission rate
Rz is calculated from Expression (11).

(10)

[Expression 11]

8S (1D

Rarp = WNpackeLARQ

FIG. 9 is a block diagram showing the configuration of the
reception terminal of the first embodiment. As shown in
FIG. 9, the reception terminal includes an RTP receiver 151,
a packet loss detector 153, a feedback packet generator 155,
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a retransmission determination unit 157, a packet loss recov-
ery unit 159, a depacketizer 161, a decoder 163, and an
RTCP transmitter 165.

The RTP receiver 151 receives RTP packets, and extracts
the RTT from the header information. When an FEC packet
is added, the number of data packets and the FEC parameter
indicating “the number of data packets+the number of
redundant packets” are extracted. The encoded packets or
retransmission packets received by the RTP receiver 151 are
input to the packet loss detector 153.

The packet loss detector 153 detects a loss packet from the
sequence number of the packet header, calculates the num-
ber of lost packets, and inputs the number of lost packets to
the packet loss recovery unit 159 and the feedback packet
generator 155 and calculates the packet loss rate. The packet
loss rate is calculated from “the number of lost packets/the
total number of transmitted packets” in the video encoding
period. However, when the number of received packets is
small and the granularity of the packet loss rate is rough, the
packet loss detector 153 can also use the average packet loss
in a plurality of sections. The packet loss rate is input to the
feedback packet generator 155. In addition, encoded packets
and retransmission packets after packet loss detection are
input to the packet loss recovery unit 159. In addition, when
there is a loss in retransmission packets, the loss information
of the retransmission packet is notified to the feedback
packet generator 155.

The feedback packet generator 155 generates a feedback
packet, and inputs the feedback packet to the RTCP trans-
mitter 165. As information included in the feedback packet,
there are the RTT, the packet loss rate, and retransmission
request. The retransmission request is generated from a
retransmission determination result, which indicates
whether or not retransmission is possible, and the number of
lost packets. The feedback packet is transmitted from the
RTCP transmitter 165.

The retransmission determination unit 157 determines
from the RTT whether or not retransmission is possible
when a packet loss occurs, and notifies the packet loss
recovery unit 159 and the feedback packet generator 155 of
the retransmission determination result. As shown in
Expression (9), the number of retransmissions can be cal-
culated from the reception allowable delay time and the
RTT. Accordingly, the retransmission determination unit 157
generates a retransmission determination result of “retrans-
mission” when the number of retransmissions is equal to or
greater than 1 and a retransmission determination result of
“no retransmission” in other cases.

When the number of lost packets notified from the packet
loss detector 153 is equal to or greater than 1, the packet loss
recovery unit 159 performs packet loss recovery processing
and outputs data packets in which the lost packets have been
recovered. The depacketizer 161 converts the data packets
into frames and outputs the frames to the decoder 163. The
decoder 163 decodes the frames input from the depacketizer
161 and outputs video data.

FIG. 10 is a flow chart showing the operation of the packet
loss recovery unit 159 provided in the reception terminal.
First, the packet loss recovery unit 159 determines the type
of input packets from the packet header (step S101). When
the received packets are retransmission packets, packet loss
is recovered by the reception of the retransmission packets.
Accordingly, the packet loss recovery unit 159 outputs the
retransmission packets together with data packets buffered
in the reception terminal (step S103). When the received
packets are data packets, if the retransmission determination
result in step S105 indicates that retransmission is per-
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formed, packets that have not been lost are stored in the
receiving buffer and the arrival of retransmission packets is
awaited during the reception allowable delay time (step
S107). When it is determined that the reception allowable
delay time is exceeded in step S109, the packet loss recovery
unit 159 outputs only data packets, which have not been lost,
to the depacketizer 161 (step S111). When the received
packets are data packets and retransmission is not per-
formed, if an FEC packet is added to the data packets, the
packet loss recovery unit 159 performs packet loss recovery
processing by FEC decoding. When it is determined that the
number of redundant packets calculated from the FEC
parameter is equal to or greater than the number of lost
packets in step S113, the packet loss recovery unit 159
recovers the lost packets by performing FEC decoding using
the received encoded packets and the FEC parameter and
outputs only data packets including the recovered packets to
the depacketizer 161 (step S115). When the number of
redundant packets is less than the number of lost packets (a
case where no FEC packet is added is also included), the
packet loss recovery unit 159 outputs only data packets that
have not been lost to the depacketizer 161 since the recovery
in the FEC is not possible (step S117).

Thus, when determining the encoding rate of video data,
the retransmission rate and the FEC rate of the total trans-
mission rate are notified. Accordingly, even if the frame rate
is high, the bandwidth of video data is ensured. In addition,
an appropriate number of redundant packets are added to
each of the I and P frames based on the frame structure after
encoding. Accordingly, it is possible to improve the repro-
duction quality of video data at the reception terminal in a
packet loss environment while suppressing the data rate of
redundant packets.

Second Embodiment

FIG. 11 is a block diagram showing the internal configu-
ration of a transmission terminal of a second embodiment. A
difference between the transmission terminal of the second
embodiment and the transmission terminal of the first
embodiment is a retransmission/FEC unit 209. The trans-
mission terminal of the second embodiment is the same as
the transmission terminal of the first embodiment except for
this point. Accordingly, in FIG. 11, the same reference
numerals are given to components common to FIG. 5, and
explanation of the same or equivalent portions as in the
transmission terminal of the first embodiment will be sim-
plified or omitted.

Although the frame rate information is notified to the
retransmission/FEC unit 209 from the encoder 105 in the
first embodiment, CODEC information indicating the last
encoding result is notified to the retransmission/FEC unit
209 from the encoder 105 in the present embodiment. The
number of I frames, the number of P frames, 1 frame
information amount, and P frame information amount are
included in the CODEC information.

FIG. 12 is a block diagram showing the internal configu-
ration of the retransmission/FEC unit 209 provided in the
transmission terminal of the second embodiment. As shown
in FIG. 12, the retransmission/FEC unit 209 of the present
embodiment includes a prediction result comparator 201 in
addition to the components provided in the retransmission/
FEC unit 109 of the first embodiment.

The prediction result comparator 201 outputs the modified
predicted number of data packets from the CODEC infor-
mation described above and the predicted number of data
packets input from the frame composition ratio predictor
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121. Assuming that the data size of one packet is S [byte],
the number of I frames included in the CODEC information
18 Neyyoc rprame» the number of P frames included in the
CODREC information is N,z prames the I frame informa-
tion amount is Dy, .. [byte], and P frame information
amount is Dy, [byte], the number of data packets of |
frame after encoding L., .. pucre, @and the number of data
packets of P frame after encoding P_, 4. pacter @ll of which
are past information, are calculated from Expressions (12I)
and (12P), respectively.

[Expression 12]

D ipame (121
Leodec_packer = —5

Dppame (12P)
Peodec_packer = —5

FIG. 13 is a flow chart when determining the modified
predicted number of data packets output from the prediction
result comparator 201 provided in the retransmission/FEC
unit 209 of the transmission terminal of the second embodi-
ment. As shown in FIG. 13, the prediction result comparator
201 compares the number of data packets 1.,z pucre, and
P_oioc packes Calculated from Expressions (12I) and (12P)
with the predicted number of data packets 1., and P,
calculated from Expressions (1) and (2) by the frame com-
position ratio predictor 121, and outputs the modified pre-
dicted number of data packets L, 4., ., and P,
When a change in the estimated transmission rate is equal to
or greater than the threshold value or when scene change
information that can be calculated from the CODEC infor-
mation is detected, the prediction result comparator 201
outputs the predicted number of data packets 1., and
P, .cxe calculated by the frame composition ratio predictor
121 as the modified predicted number of data packets
Locter rev@d P s, ., without a comparison with the past
encoding results.

On the other hand, when a change in the estimated
transmission rate is less than the threshold value and no
scene change is detected, the prediction result comparator
201 performs a comparison with the past information. As a
comparison result of the number of data packets, when the
number of data packets of I frame after encoding I, ;.. pucter
or the number of data packets of P frame after encoding
P_oioc packer @l 0f which are past information, is larger than
the predicted number of data packets L, ., and P, .., (this
is determined separately for I and P frames), the prediction
result comparator 201 outputs the modified predicted num-
ber of data packets obtained by adding fixed correction
values Al and AP to the predicted number of data packets
L,cker and P, ;... In addition, the correction values Al and
AP are values set by the system. On the other hand, when the
number of data packets of | frame after encoding L., ,acter
or the number of data packets of P frame after encoding
P odec packe: 18 smaller than the predicted number of data
packets 1,4, and P, .,, the prediction result comparator
201 outputs the modified predicted number of data packets
obtained by subtracting the fixed correction values Al and
AP from the predicted number of data packets 1,,.., and
P,ucier In addition, when both are equal, the prediction
result comparator 201 outputs the predicted number of data
packets 1,4, and P,, as the modified predicted number

and P, without correction.
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As described above, in the present embodiment, since it is
possible to improve the prediction accuracy by adjusting the
predicted value of the frame composition ratio according to
the level of the number of data packets of the I and P frames,
an appropriate number of redundant packets are added to
each of the I and P frames. As a result, it is possible to further
improve the reproduction quality of video data at the recep-
tion terminal in a packet loss environment while suppressing
the data rate of redundant packets.

Third Embodiment

FIG. 14 is a block diagram showing the internal configu-
ration of a transmission terminal of a third embodiment. A
difference between the transmission terminal of the third
embodiment and the transmission terminal of the first
embodiment is an encoder 305 and a retransmission/FEC
unit 309. The transmission terminal of the third embodiment
is the same as the transmission terminal of the first embodi-
ment except for this point. Accordingly, in FIG. 14, the same
reference numerals are given to components common to
FIG. 5, and explanation of the same or equivalent portions
as in the transmission terminal of the first embodiment will
be simplified or omitted.

Although the frame rate information is notified to the
retransmission/FEC unit 109 from the encoder 105 in the
first embodiment, a frame composition ratio is notified in the
present embodiment.

FIG. 15 is a block diagram showing the internal configu-
ration of the encoder 305 provided in the transmission
terminal of the third embodiment. As shown in FIG. 15, the
encoder 305 of the present embodiment includes a video
encoder 311, a frame composition ratio calculator 313, a
reset information generator 315, and an average value cal-
culator 317.

The video encoder 311 performs compression encoding of
video data at the encoding rate notified from the bandwidth
estimator 103, and outputs the result as a frame. The video
encoder 311 can generate frame rate information or CODEC
information including the number of I frames, the number of
P frames, the I frame information amount, and the P frame
information amount with reference to the frame of the
encoding result.

The frame composition ratio calculator 313 calculates an
instantaneous frame composition ratio from the I frame
information amount and the P frame information amount
with reference to the frame of the encoding result. Assuming
that the I frame information amount is I,,,, [byte] and the P
frame information amount is P, ., [byte], the instantaneous
frame composition ratio FR,,,, is calculated from the calcu-
lation expression of “FR,, =L, /P, " The instantaneous
frame composition ratio calculated by the frame composi-
tion ratio calculator 313 is input to the average value
calculator 317. In addition, the frame composition ratio
calculator 313 detects a scene change from a change in
Group Of Picture (GOP) information indicating the frame
structure, such as the number of I frames or the number of
P frames, and outputs video change information based on the
detection result to the reset information generator 315.

The reset information generator 315 generates reset infor-
mation when video switching information indicating
whether or not the encoding rate has been changed by a
predetermined value or more is input, and inputs the reset
information to the average value calculator 317.

The average value calculator 317 accumulates the instan-
taneous frame composition ratio FR,,,. which is output
every video encoding unit, for a predetermined time, calcu-
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lates the average value, and outputs the average value as a
frame composition ratio. Until the average value of the
instantaneous frame composition ratio FR,,,, is output or
when the reset information is input, the average value
calculator 317 outputs an initial value set in advance as the
frame composition ratio. In addition, assuming that the
number of samples of instantaneous values for calculating
the average value is N, the frame composition ratio FR
is calculated from Expression (13).

[Expression 13]

1 Ny (13)
FRy, = VZ‘ FRipg (D)

FIG. 16 is a block diagram showing the internal configu-
ration of the retransmission/FEC unit 309 provided in the
transmission terminal of the third embodiment. As shown in
FIG. 16, the retransmission/FEC unit 309 of the present
embodiment does not have the frame composition ratio
predictor 121, and the operation of the number-of-redundant
packets calculator 323 is different from the operation of the
number-of-redundant packets calculator 123 of the first
embodiment. That is, the number-of-redundant packets cal-
culator 323 of the present embodiment is different from the
number-of-redundant packets calculator 123 of the first
embodiment in that the number of temporary redundant
packets is calculated using the frame composition ratio
notified from the encoder 305.

First, a method of calculating the number of temporary
redundant packets in the present embodiment will be
described. Assuming that the frame composition ratio noti-
fied from the encoder 305 is FR,, ., estimated transmission
rate information is R [Mbps], and the data size of one packet
is S [byte], the total number of packets of P frame P,,,, .., and
the total number of packets of I frame L, ., are calculated

from Expressions (14P) and (141), respectively.

[Expression 14]

Poceter = 10°R-( —— | /85 (140
packer = '(1 +FRW)/
FRaye (141)
— 10°R.
Dyacker = 105R (1 +FRM)/8S
The number of temporary redundant packets L, ..., 15

calculated by substituting the total number of packets of P
frame P packet and the total number of packets of I frame
1 porer O Expressions (14P) and (141) into Expression (7)

escribed in the first embodiment. The method of calculating
the number of redundant packets is the same as that in the
first embodiment.

As described above, in the present embodiment, since it is
possible to improve the prediction accuracy by using the
actual encoding result for the prediction of the frame com-
position ratio, an appropriate number of redundant packets
are added to each of the I and P frames. As a result, it is
possible to further improve the reproduction quality of video
data at the reception terminal in a packet loss environment
while suppressing the data rate of redundant packets. In
addition, since it is possible to cope with scene changes, it
is possible to prevent the degradation of the prediction
accuracy.
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Although the case where the present disclosure is imple-
mented by hardware has been described as an example in
each of the above embodiments, the present disclosure may
also be implemented by software in conjunction with the
hardware.

In addition, each functional block used in the description
of'each of the above embodiments can be implemented as an
LSI, which is an integrated circuit, typically. Each functional
block may be individually formed as one chip, or some or all
of the functional blocks may be formed as one chip.
Although the LSI is applied herein, the chip may also be
referred to as an IC, a system LSI, a super L.SI, and an ultra
LSI depending on the degree of integration.

In addition, the method of circuit integration is not limited
to the LSI, and may also be realized using a dedicated circuit
or a general-purpose processor. After manufacturing the LSI,
it is also possible to use a reconfigurable processor that can
reconfigure connections or setting of circuit cells inside the
LSI or a Field Programmable Gate Array (FPGA) that can be
programmed.

In addition, when circuit integration technology to replace
the LSI appears due to the advancement of semiconductor
technology or another technology obtained from the semi-
conductor technology, it is also naturally possible to inte-
grate functional blocks using the technology. Applications of
biotechnology and the like are possible.

While the present disclosure has been described in detail
with reference to the specific embodiments, it is apparent to
those skilled in the art that various changes and modifica-
tions may be made without departing from the spirit and
scope of the present disclosure.

This application is based on Japanese Patent Application
No. 2011-212916 filed on Sep. 28, 2011, the contents of
which are incorporated herein by reference.

INDUSTRIAL APPLICABILITY

The data processing device according to the present
disclosure is useful as a transmission terminal of a video
transmission system that transmits data packets of video data
together with an appropriate number of redundant packets
added thereto.

REFERENCE SIGNS LIST

101: RTCP receiver

103: bandwidth estimator

105, 305: encoder

107: packetizer

109, 209, 309: retransmission/FEC unit
111: RTP transmitter

121: frame composition ratio predictor
123, 323: number-of-redundant packets calculator
125: predicted FEC rate calculator
127: FEC encoder

129: retransmitter

151: RTP receiver

153: packet loss detector

155: feedback packet generator

157: retransmission determination unit
159: packet loss recovery unit

161: depacketizer

163: decoder

165: RTCP transmitter

201: prediction result comparator

311: video encoder

313: frame composition ratio calculator
315: reset information generator

317: average value calculator



US 9,451,248 B2

19

The invention claimed is:

1. A data processing device for processing video data
transmitted through a wireless network, the data processing
device comprising:

a bandwidth estimator, configured to estimate a transmis-

sion rate of the wireless network;

a frame composition ratio obtaining unit, configured to
obtain a frame composition ratio that indicates a ratio
between [ frames using intra-frame encoding and P
frames using inter-frame predictive encoding, the I and
P frames forming a video;

a temporary redundant packet rate calculator, configured
to calculate a number of temporary redundant packets
based on the frame composition ratio and the transmis-
sion rate estimated by the bandwidth estimator and to
calculate a temporary redundant packet rate from the
transmission rate and the number of temporary redun-
dant packets;

an encoding rate calculator, configured to calculate an
encoding rate for encoding the video data from the
transmission rate and the temporary redundant packet
rate;

a video data processor, configured to encode the video
data at the encoding rate and packetize the encoded
video data; and

a redundant encoding processor, configured to calculate a
number of redundant packets to be added to each frame,
which is obtained as a result of processing in the video
data processor, and to add redundant packets to each
frame, wherein the redundant packets are obtained by
performing redundant encoding processing on data
packets of the encoded video data.

2. The data processing device according to claim 1,

wherein

the frame composition ratio obtaining unit obtains the
frame composition ratio based on the transmission rate
estimated by the bandwidth estimator and a frame rate
of the video.

3. The data processing device according to claim 2,

wherein

the frame composition ratio obtaining unit obtains a frame
composition ratio that minimizes a ratio of the tempo-
rary redundant packet rate with respect to the transmis-
sion rate.

4. The data processing device according to claim 2,

comprising:

a comparator, configured to compare a number of data
packets of each frame of the video obtained as an
encoding result of the video data processor with a
number of data packets of each frame obtained from the
transmission rate and the frame composition ratio
obtained by the frame composition ratio obtaining unit,
wherein

the temporary redundant packet rate calculator adjusts the
frame composition ratio depending on a comparison
result of the comparator.

5. The data processing device according to claim 1,

wherein

the frame composition ratio is an average value of frame
composition ratios calculated from past encoding
results of the video data.

6. The data processing device according to claim 1,

wherein

the frame composition ratio obtaining unit calculates a
number of packets, which is transmittable per unit time
at the transmission rate, based on the transmission rate
and a data size of one packet.
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7. A data processing method for processing video data
transmitted through a wireless network, the data processing
method comprising:

a bandwidth estimation step of estimating a transmission

rate of the wireless network;

a frame composition ratio obtaining step of obtaining a
frame composition ratio that indicates a ratio between
1 frames using intra-frame encoding and P frames using
inter-frame predictive encoding, the I and P frames
forming a video;

a temporary redundant packet rate calculation step of
calculating a number of temporary redundant packets
based on the frame composition ratio and the transmis-
sion rate estimated in the bandwidth estimation step
and calculating a temporary redundant packet rate from
the transmission rate and the number of temporary
redundant packets;

an encoding rate calculation step of calculating an encod-
ing rate for encoding the video data from the transmis-
sion rate and the temporary redundant packet rate;

a video data processing step of encoding the video data at
the encoding rate and packetizing the encoded video
data; and

a redundant encoding processing step of calculating a
number of redundant packets to be added to each frame,
which is obtained as a result of the processing in the
video data processing step, and adding redundant pack-
ets to each frame, wherein the redundant packets are
obtained by performing redundant encoding processing
on data packets of the encoded video data.

8. The data processing method according to claim 7,

wherein

the frame composition ratio obtaining step includes
obtaining the frame composition ratio based on the
transmission rate estimated in the bandwidth estimation
step and a frame rate of the video.

9. The data processing method according to claim 8,

wherein

the frame composition ratio obtaining step includes
obtaining a frame composition ratio that minimizes a
ratio of the temporary redundant packet rate with
respect to the transmission rate.

10. The data processing method according to claim 8,

further comprising:

a comparison step of comparing a number of data packets
of each frame of the video obtained as an encoding
result in the video data processing step with a number
of data packets of each frame obtained from the trans-
mission rate and the frame composition ratio obtained
in the frame composition ratio obtaining step, wherein

the temporary redundant packet rate calculation step
includes adjusting the frame composition ratio depend-
ing on a comparison result in the comparison step.

11. The data processing device according to claim 7,
wherein

the frame composition ratio is an average value of frame
composition ratios calculated from past encoding
results of the video data.

12. The data processing method according to claim 7,

wherein

the frame composition ratio obtaining step includes cal-
culating a number of packets, which is transmittable
per unit time at the transmission rate, based on the
transmission rate and a data size of one packet.
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